testing prompted the development of various guidelines for optimal screening of asymptomatic men and staging of patients with newly diagnosed cancers. 2, 8 The current study reviews the findings from the 1998 NCDB prostate carcinoma Patient Care Evaluation (PCE) and describes contemporary nationwide patterns of presentation, diagnosis, and staging of adenocarcinoma of the prostate. Unique to this report from the NCDB is the availability of pretreatment PSA levels and information on patient symptoms at the time of presentation, particularly among AfricanAmericans and patients with a positive family history. Also included in the current review is an evaluation of prostate carcinoma staging practices in patients at variable risk for metastatic disease.
MATERIALS AND METHODS
The NCDB is a joint endeavor of the CoC of the American College of Surgeons and the American Cancer Society (ACS). Data from the NCDB have been compared in a previous study with the population-based Surveillance, Epidemiology and End Results (SEER) registry and shown to be similar in terms of patient and disease characteristics. 9 NCDB data are collected using a standardized, electronic data abstraction format that has been described previously.
5-7

Sample and Population
In 1998, 1504 hospitals submitted data to the NCDB. Of these, 66% (990 hospitals) participated in the prostate carcinoma PCE. Individual hospital registries were requested to provide demographic and clinicopathologic information on cases with histologically proven prostate carcinoma that was diagnosed and/or initially treated at their institution between January 1, 1998 and December 31, 1998 . Therefore, these cases represent a prospective convenience sample rather than a statistical sample from a defined population. Initially, 64,909 cases were entered into the study. Of these, 7005 cases were ineligible because the date of diagnosis was outside the stated study parameters or because treatment was initiated at a facility other than the reporting institution. An additional 1947 cases were determined to be clinical duplicates or eligible cases that were reported by more than one registry. When this occurred, it is the protocol of the NCDB to retain the case with more comprehensive clinical information and to exclude the other(s). Of the remaining 55,957 cases, only those with an ICD-0-2 primary site of C61.9 (prostate gland), histology code of 8140, and behavior codes of 2 or 3 (adenocarcinoma in situ and adenocarcinoma, not otherwise specified [NOS] , respectively) were retained for analysis, providing a final study population of 54,212 cases. 10 The number of cases retained for analysis per participating hospital ranged from 1 to 387, with the mean number of cases per hospital equal to 55.
Variables and Procedures
When available, several baseline demographic and clinical parameters were determined for each patient including age, race, pretreatment serum PSA (ng/mL), stage, and grade. Ethnic/racial categories in the registry data include white, black, American Indian, Chinese, Japanese, Filipino, Hawaiian, Puerto Rican, Hispanic, and other/unknown. For the current study, white race includes Caucasians of non-Spanish origin, whereas African-American comprises all patients reported as black. The study utilized the American Joint Committee on Cancer (AJCC) staging system. 2, 11 The AJCC stage data represents a "best" staging system whereby the reported stage is the pathologic stage whenever this was available and clinical stage (about 56% of cases) when the former was unavailable. Therefore, pathologic stage, when available, is provided to the exclusion of clinical stage. This system is consistent with previous NCDB reports. 2, 7 Descriptions of histologic grade have been described in previous reports from the NCDB. 2, 7 Differentiation between biopsy and prostatectomy tumor grade was not captured as part of the study design.
The study design explicitly requested documentation of the presence or absence of specific, relevant symptoms (low back pain, hematuria, and/or difficulty with urination) at the time of initial diagnosis. This allowed classification of cases as asymptomatic (i.e., detected by abnormal PSA and/or digital rectal examination [DRE]) or symptomatic (regardless of PSA and/or DRE findings). Various techniques for tissue confirmation of prostate carcinoma (e.g., transrectal ultrasound-guided biopsy [TRUS] , needle biopsy NOS, perineal biopsy, transurethral resection [TURP], digital biopsy, and cytology) were abstracted explicitly from the medical record. The utilization of prostate carcinoma staging modalities is also characterized, including radionuclide bone scans, computed tomography (CT) scans of the abdomen and/or pelvis, magnetic resonance imaging (MRI) scans, and pelvic lymph node dissection. For each staging modality, we determined the proportion of patients with results suggestive for tumor dissemination. In addition, patients were stratified, using pretreatment PSA and tumor grade, into high-risk (PSA level Ͼ 10 ng/mL and/or poorly differentiated [Grades 3 and 4] cancers), and low-risk (PSA Յ 10 ng/mL and well or moderately differentiated [Grades 1 and 2] cancers) groups based on their likelihood of having extraprostatic disease at the time of diagnosis. This risk stratification allowed analysis of staging evaluations in the context of recently published practice guidelines. 12, 13 Descriptive statistics were used to evaluate the frequencies, percentages, measures of central tendencies, and variation. Given the large number of cases included in these analyses, statistically significant differences might result even in comparisons with clinically insignificant differences. Therefore, formal tests of comparisons were limited to specific situations for which we had a priori hypotheses. For these analyses, differences in proportion were evaluated using the chi-square test at a significance level of 5%. Statistical analyses were conducted using SPSS version 10 software (SPSS, San Diego, CA).
RESULTS
Patient Characteristics
Demographic data for patents included in the 1998 PCE are provided in Table 1 . The mean age for men included in the 1998 analysis was 68.0 Ϯ 8.8 years. In this cohort of patients, 32.9% of patients were younger than 65 years of age, 1.9% of patients were younger than 50 years of age, 8.4% were older than 80 years of age, 12.6% of patients were African-American, and 15.4% had a family history of prostate carcinoma.
Tumor Characteristics
Pretreatment PSA levels were available for 61.2% of cases and are summarized in Table 2 . Among patients with available data, 87.5% had a PSA level equal to or greater than 4 ng/mL at the time of diagnosis.
AJCC stage was available for 94.9% of patients in 1998 ( Table 2 ). The majority of patients (83.1%) had localized prostate carcinoma (AJCC Stage I-II) and only 6.4% of men had documentation of advanced disease (AJCC Stage IV).
The proportion of patients with well differentiated tumors was only 9.3%, whereas 70.9% of cases were moderately differentiated (Table 2 ). Poorly and undifferentiated grades were documented in 19.8% of cases.
Prostate Carcinoma Presentation
Overall, 68.7% of cases were diagnosed in the absence of symptoms, including low back pain, hematuria, and/or difficulty with urination. In addition, 97.8% of asymptomatic patients had abnormal PSA values, irrespective of findings on DRE (Table 3 ). In terms of tumor characteristics, asymptomatic patients were more likely than symptomatic patients to have localized disease (84.6% vs. 78.2%, P Ͻ 0.01) and well or moderately differentiated tumors (82.2% vs. 74.6%, P Ͻ 0.01). Moreover, 60% of asymptomatic patients with prostate carcinoma had pretreatment PSA levels less than 10 ng/mL compared with only 49.1% of symptomatic patients. Table 4 summarizes the distribution of asymptomatic and symptomatic patients stratified by age at diagnosis, race, prostate carcinoma family history, and type of health care coverage. In general, the proportion of asymptomatic patients with prostate carcinoma was higher among younger men, with abnormalities of PSA and/or DRE responsible for the diagnosis in nearly 78% of patients younger than 60 years of age. Asymptomatic patients were slightly more prevalent among white men (69.3%) than among African-American men (66.3%). Among patients with and without a family history of prostate carcinoma, 70.3% and 69.6% of newly diagnosed patients were asymptomatic, respectively. The mean age at diagnosis was younger among both asymptomatic AfricanAmerican patients (65.5 years vs. 67.0 years for whites) and asymptomatic patients with a positive family history (65.2 years vs. 67.1 years for a negative family history).
Tissue Confirmation and Staging
The prostate biopsy techniques utilized in 1998 are summarized in Table 5 . Needle biopsy, defined as all biopsy modalities other than TURP, was the most common method of tissue diagnosis (80.1%). At least 45.4% of biopsies were performed with TRUS guidance. In 4.2% of patients, digitally guided transrectal biopsy was performed for tissue confirmation. Twenty percent of patients were diagnosed by TURP. Radionuclide bone scintigraphy was the most frequently employed staging modality, with 26,420 (48.7%) studies performed. Among patients who underwent a bone scan, 13% were positive for evidence of metastatic disease. CT scans were employed frequently, including pelvic CT scans in 30.5% of cases and abdominal CT scans in 28.9% of cases. Table 6 summarizes the utilization of prostate carcinoma staging modalities stratified by risk of metastatic disease. Among patients with complete data, 67.4% were classified as low risk and 37.6% as high risk for metastatic disease. For each staging modality, the proportion of patients undergoing evaluation was significantly higher among patients at high risk for metastatic disease (all P values Ͻ 0.005). Regardless of staging modality, the proportion of patients who had positive tests was significantly higher among patients at high risk for metastatic disease (all P values Ͻ 0.001).
DISCUSSION
The PCE study of prostate carcinoma provides important insight into contemporary prostate carcinoma presentation, diagnosis, and staging based on a nationwide sample of patients that includes about 40% of incident cases. Greater than 1500 hospitals contributed to the study, including community and academic medical centers from all geographic regions of the U.S. The data may be considered a national point of reference for prostate carcinoma care during the corresponding period of time.
The mean age at diagnosis (68.0 Ϯ 8.8 years) for men with prostate carcinoma has decreased slightly, when compared with reports from 1995 (68.8 years) and 1992 (70.7 years). 2, 5 This age trend has been paralleled by a migration toward a higher proportion of localized tumors of low and/or moderate grade. 1,4 -7 Furthermore, this migration has been attributed primarily to the impact of widespread prostate carcinoma screening initiatives. 14, [15] [16] [17] [18] [19] To date, however, efforts to validate, on a national level, the associations between screening and stage/grade migration have been limited to large screening studies that lacked comparable control groups.
The PCE study addressed this limitation through explicit documentation of tumor characteristics, pretreatment PSA levels, and presenting symptoms. The majority (68.7%) of patients with cancers characterized by the 1998 PCE were asymptomatic. Nearly all (97.8%) asymptomatic men with prostate carcinoma had an abnormal PSA level at the time of diagnosis. Among asymptomatic patients, isolated DRE abnormalities were exceedingly rare (2.2%). It is reasonable to speculate that most, if not all, asymptomatic patients were detected as a result of PSA-based prostate carcinoma screening initiatives. Therefore, the 1998 PSA: prostate specific antigen; DRE: digital rectal examination. a Summary of all patients (n ϭ 38,551) whose pretreatment prostate specific antigen (Ն 4 ng/dL) or digital rectal examination is documented as abnormal. Based on the data abstraction instrument, it was possible to confirm that pretreatment prostate specific antigen was abnormal without having the actual value of the prostate specific antigen level. Patients for whom data on prostate specific antigen, digital rectal examination, or clinical symptoms were incomplete were excluded from this analysis.
PCE may provide novel insight into the current status of prostate carcinoma screening in the U.S. It is has been proposed that screening based on PSA is associated with a higher proportion of clinically and pathologically localized tumors. 14, 15, 17, 18 A recent analysis compared the pathologic stage and grade of tumors detected by PSA-based screening to historical cancers detected by needle biopsy or TURP. 19 The authors found that screen-detected cancers were more likely to be pathologically organ confined and less likely to be Gleason score 8 -10 tumors. Nonetheless, a perennial limitation of such investigations is the need for historical comparisons, rather than assessment of a concurrent population of cancers detected for indications other than screening based on PSA levels. In contrast, the 1998 PCE identifies a large, contemporary sample of patients with pertinent symptoms (difficulty urinating, low back pain, and/or hematuria) at the time of prostate carcinoma diagnosis, thereby providing a more valid control group. Overall, 31.3% of patients reported one or more symptoms at the time of diagnosis. Despite the high prevalence of PSA abnormalities (95%) in these patients, it seems reasonable to contend that the presence of symptoms disqualifies PSA as a screening tool in these patients. Therefore, this is the first national study to allow coincident comparison of asymptomatic patients and patients with clinically diagnosed tumors and provides the first nationwide data supporting an association between asymptomatic (screen detected) patients and favorable stage and grade migrations. These observations are consistent with recent data from the European Randomized Study of Screening for Prostate Cancer. 20 The European study demonstrated more favorable stage and grade outcomes among screen-detected versus clinically diagnosed prostate carcinomas. If, as suggested by several investigators, treatment of organ-confined cancers ultimately manifests a survival benefit, then these findings may lend additional credence to the premise that screening will ultimately decrease prostate carcinoma mortality. 17, 18, [21] [22] [23] [24] These data also allow novel observations regarding nationwide patterns of prostate carcinoma screening in the context of age, race, family history, and health care insurance. Current recommendations for prostate carcinoma screening vary between different medical specialties and professional organizations. 12, 25 The ACS and the American Urological Association (AUA) continue to recommend screening with PSA and DRE for all men older than 50 years of age, whose life expectancy is at least 10 years. Initiation of screening at a younger age (40 -45 years) is advocated for patients at increased risk, including African-American males and patients with a first-degree relative diagnosed with prostate carcinoma. We observed that greater than 70% of men younger than 70 years of age were asymptomatic. This proportion decreased to 65.6% in the 70 -79-year-old age group and declined further to 45.6% among men older than 80 years of age. Although the prevalence of asymptomatic patients is higher among younger men who are more likely, on average, to benefit from early detection, it is noteworthy that among men 80 years and older, nearly one-half of men were asymptomatic and, therefore, prostate carcinoma was likely to be detected by screening. This finding is plausible in light of reports describing contemporary practice patterns of both urologists and primary care physicians, many of whom continue routine PSA testing in patients older than 80 years of age. 26, 27 Both the ACS and the AUA advocate commencement of screening at a younger age among AfricanAmerican men and patients with a positive family history. In the 1998 PCE, the proportion of asymptomatic men with prostate carcinoma was similar among African-Americans (66.3%) and whites (69.3%). However, the mean age at diagnosis was slightly younger for asymptomatic black men (age 65.5 years vs. age 67 years). Although this finding suggests an important trend toward earlier diagnosis of cancers in asymptomatic blacks, the results of two recently published studies comparing blacks and whites with screen-detected cancers fail to support this hypothesis. 28, 29 Similarly, patients with a positive family history were younger (65.0 years) at the time of diagnosis than patients with no affected relatives (67.1 years), although the proportion of asymptomatic patients was similar for these two groups (70.3% vs. 69.6%).
In terms of insurance coverage, the highest proportions of asymptomatic men were detected among patients enrolled in managed care plans and among those with private health insurance. This finding is consistent with a greater emphasis on preventative health measures among commercial insurance plans versus Medicare and/or Veterans Administration coverage.
The results of the current study suggest a central role for PSA-based screening in the contemporary diagnosis of prostate carcinoma. However, significant controversy remains regarding the clinical significance of tumors detected by screening initiatives. 16, 17, 30 Several clinicopathologic parameters in- cluding serum PSA levels, histologic grade, and tumor stage have been reported to correlate with the biologic aggressiveness of individual prostate carcinomas. 25, [31] [32] [33] [34] [35] Among patients with comprehensive data, 68.7% of reported cancers were found in asymptomatic patients and, thus, ostensibly detected by screening with either PSA and/or DRE. As a result, assessment of the PSA levels and histologic grades of asymptomatic (screen-detected) patients with prostate carcinoma may provide insight regarding their clinical significance. In terms of grade, 92.4% of asymptomatic patients had tumors that were moderately (Grade 2), poorly (Grade 3), or undifferentiated (Grade 4) and were therefore associated with greater biologic aggressiveness. 36 In addition, 88% of asymptomatic patients had PSA levels equal to or greater than 4 ng/mL, a finding typically associated with more clinically significant cancers, as well as a greater likelihood of extraprostatic extension. 30 Furthermore, PSA levels higher than 20 ng/mL were detected in 15.3% of asymptomatic patients. This degree of PSA elevation has been associated with an 80% risk of non-organconfined disease and at least a 15% chance of tumor involvement of the seminal vesicles or pelvic lymph nodes. 30 In this context, the PSA and grade data suggest that many of the asymptomatic cases from the 1998 PCE are clinically significant lesions based on their potential for biologic aggressiveness.
Data from the 1998 PCE allow several observations regarding contemporary prostate biopsy techniques. The current standard for prostate carcinoma pathologic diagnosis is TRUS-guided needle biopsy of the prostate . 37 In 1998, only 45.4% of reported patients underwent TRUS-guided biopsy for pathologic diagnosis. An additional 14.2% of patients underwent prostate needle biopsy. However, for these patients, explicit documentation regarding utilization of radiographic guidance is not available. TURP (19.8%) remains a common alternative method of tissue diagnosis. Overall, a significant number of patients may be obtaining a tissue diagnosis by techniques other than TRUS-guided biopsy and further studies and/or refinement of the PCE data abstraction tool may be necessary to clarify the indications for these alternative approaches. As current trends in prostate biopsy evolve, explicit evaluation of the number and location of prostate biopsy cores, the percent of cancer in each core, as well as the use of local anesthetic will enhance the relevance of future patient care evaluations. 37, 38 In addition to patterns of diagnosis, data from the 1998 PCE also characterize contemporary utilization of prostate carcinoma staging modalities. In 1998, the most commonly employed staging modality was radionuclide bone scan in about 48.7% of patients. In addition, nearly 30% of patients underwent staging CT and/or pelvic lymphadenectomy. Although the utilization of these staging modalities was relatively frequent, the yield was fairly low. For each staging modality, with the exception of MRI scans, less than one in three patients evaluated had abnormal findings suggestive of cancer.
The utilization of staging evaluations was evaluated in the context of disease risk to determine baseline estimates of nationwide staging practices before the publication and dissemination of formal guidelines. 12, 13, 25 Our findings were somewhat encouraging, in that, for each staging modality, the proportion of patients tested, as well as the proportion of positive tests, was uniformly greater in the high-risk group (Table 6 ). However, radiographic and/or surgical staging of high-risk patients was not universal. In addition, a significant proportion of patients in the low-risk group may have undergone unnecessary staging evaluations. Nearly one-half of the low-risk patients re- ceived bone scans and approximately one-third underwent cross-sectional imaging. Although the potential for mitigating clinical circumstances is acknowledged, strict adherence to recently published guidelines would render most of these staging evaluations unnecessary. 12, 13, 25 This observation is consistent with a recent update from the CaPSURE database that evaluated the use of staging modalities with even greater resolution. 39 In that study, the investigators used PSA, Gleason sum, and clinical stage to classify patients into low, intermediate, and high-risk groups for analysis of imaging test utilization. Similar to these results, the authors concluded that although staging is more frequent among high-risk cases, it is not performed uniformly. Similarly, many patients at low and intermediate risk for metastatic disease underwent unnecessary testing. 39 Therefore, nonselective staging practices may be a persistent dilemma among urologists. 40 An explanation for this finding is not readily apparent and certainly merits evaluation in future studies.
Although the findings from the current study provide an important characterization of contemporary approaches to prostate carcinoma diagnosis and staging, there are several limitations of these data that merit discussion. Although the NCDB represents a large, nationwide sample, including both community and academic medical centers, the enormous volume of data in this repository precludes audit and verification of all reports. Therefore, a finite number of data errors are unavoidable. In addition, the selection of hospitals for the NCDB is not based on systematic sampling. Therefore, a perennial limitation of this data set is the underrepresentation of diagnostic and treatment encounters occurring outside the hospital setting. In this framework, however, the study still evaluated approximately 40% of incident cases of prostate carcinoma. Despite these limitations, prostate carcinoma data from the NCDB has been compared with population-based information from the SEER program and has been shown to be similar, further establishing its role as a national point of reference.
Another limitation includes the use of the combined staging system. In this context, the risk of understaging is potentially significant because the true extent of disease is uncertain except among patients treated with radical prostatectomy. However, the uniform application of this staging system across different regions and patient populations may limit its impact on the validity of our observations. Similar concerns may be raised for the grading system, including the use of a combination of biopsy and prostatectomy tumor grades. The reported observations may be limited by the absence of Gleason sum as the primary grading system, given the prevalence of this classification in contemporary prostate carcinoma research and clinical practice. Nonetheless, the grading system in the PCE study is similar to that utilized in previous reports from the NCDB and therefore provides a basis for comparative analyses. This analysis may also be criticized for equating asymptomatic tumors (associated with abnormalities of PSA and/or DRE) with screen-detected lesions. However, although the 1998 PCE provides no explicit data concerning the use of screening, one may reasonably infer that the diagnosis of prostate carcinoma in an asymptomatic patient with an elevated PSA level and/or abnormal DRE was prompted by one or both of these screening modalities. In addition, we recognize that the observations regarding prostate carcinoma screening are limited by a lack of data regarding the number of men who were screened and did not have cancer. Finally, this analysis does not address treatment patterns or survival among this patient cohort. The absence of these data limits the significance of the observed association between asymptomatic cancers and lower stage and grade. In other words, this finding has little clinical value in the absence of appropriate therapeutic intervention. Fortunately, corresponding treatment data are available for this patient population and will be described in pending communications from the NCDB. Ultimately, data from established randomized, controlled trials of prostate carcinoma screening will provide the strongest evidence for an impact of screening on mortality. 41, 42 Once survival data are available for this cohort of patients in 2003, correlation of survival outcomes among symptomatic versus asymptomatic cancers may provide preliminary insight on the nationwide impact of screening on mortality from prostate carcinoma.
Conclusions
In 1998, most newly diagnosed prostate carcinomas were of localized stage and moderate grade. A high proportion of tumors were detected in asymptomatic men with elevated PSA levels and/or abnormal findings on DRE, suggesting a principal role for prostate carcinoma screening. Asymptomatic cancers were diagnosed at a younger age in African-American men and in men with a pertinent family history, potentially reflecting adherence with current guidelines for prostate carcinoma screening. Compared with symptomatic patients, cancers in asymptomatic men were more likely to be organ confined and well or moderately differentiated. This finding provides the first demonstration, in a nationwide sample, of favorable stage and grade outcomes among screened versus symptomatic patients, diagnosed in the same time
